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Introduction
Democracy is based on the premise of a knowledgeable citizenry that is capa-
ble of making well-informed decisions (Van Aelst et al., 2017). Today, many 
of these decisions—from mandatory vaccination to investments in renewable 
forms of energy—are related to science and technology. Bridging the gap 
between science and its public understanding is thus of crucial importance—
and so is well-designed science communication in mass media. Online news 
nowadays provides for more sophisticated means of communicating science 
than had traditionally been the case, and visualizations of scientific informa-
tion in the form of charts, diagrams, or maps play a pivotal role in this respect 
(Allen, 2018; Harold et al., 2016; Rodríguez Estrada & Davis, 2015). High 
hopes are placed particularly in interactive data visualizations (Sterman, 
2011), which are graphical representations of information that allow for a 
user-controlled exploration (Ward et al., 2015). It is assumed that the possi-
bility to access information through clicking, sliding, or zooming-in might 
provide a more direct and personally meaningful experience of abstract phe-
nomena and thus facilitate both comprehension and learning (Bolsen et al., 
2019; Nocke et al., 2008; Schroth et al., 2014). However, research has pro-
duced only tentative results (Neset et al., 2016) and was not able to clearly 
attribute the observed effects to the interactive potential of visual content 
(Herring et al., 2017; Retchless, 2014). In addition, interactive images are 
increasingly enriched with short simulated motion pictures. Such animations 
have already been studied when used as single-message features (Harrower 
& Fabrikant, 2008), but the effects that might result from combining anima-
tion and interactivity in data visualizations remain unexplored.
The present study addresses this gap by investigating how users actually 
engage with interactive and animated images in online news and how these 
novel visualization types affect the perception and subsequent learning about 
a complex topic such as climate change. To this end, we introduce an innova-
tive multimethod approach combining eye tracking methodology, cued retro-
spective reporting, and a memory test in an experimental research design. 
This comprehensive approach allows us to better understand why learning 
from a complex news message might be facilitated (or hindered) due to a 
particular visual design, as we are able to show (1) how often, for how long, 
and in which order specific elements of a news article are visually attended to 
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(eye tracking data); (2) why specific patterns of visual behavior occur (verbal 
data); and (3) whether the information that is observed is thoroughly pro-
cessed and stored in memory (recognition and recall test). Finally, an experi-
mental design allows us to compare the effects of a static, an interactive, and 
an interactive-animated data visualization as a feature of an online science 
news article. These insights not only advance our understanding of visual 
science communication on the internet but also inform the use and design of 
novel visualizations types to both inform and engage audiences online.
Perception of a Multimodal (Science) News 
Message
Visual representations of data have always been of great importance in sci-
ence communication (Pauwels, 2020). By uncovering patterns and relation-
ships in abstract information, diagrams, charts, and maps go beyond simply 
illustrating written material (Rodríguez Estrada & Davis, 2015) and make 
perceptible what would otherwise not be visible to the human eye (Schneider, 
2012). Consequently, they increase interest and engagement and help audi-
ences better understand and remember scientific information (Arsenault 
et al., 2006; Kessler et al., 2016; Lazard & Atkison, 2015). However, not 
every form of data visualization is equally beneficial (van der Linden et al., 
2014). Early studies have already pointed to the relevance of the actual 
design of graphical content (Carpenter & Shah, 1998), showing that readers 
were more affected by the chart type than by the actual information dis-
played (Zacks & Tversky, 1999). The novel design possibilities in online 
environments have given these findings new significance (Harold et al., 
2016). McMahon et al. (2016), for example, found that infographics decrease 
users’ sense of confidence in the data presented merely because they look 
less serious. Since design decisions influence the immediate perception of 
information, and the impact of novel design elements, such as interactivity 
and animation, is not yet clear, scholars increasingly call for user-centered 
studies of science-related data visualizations (Rodríguez Estrada & Davis, 
2015) that focus on the way in which recipients perceive, evaluate, and men-
tally process visual information embedded in a text-based news message 
(see also Haßler et al., 2019).
Today’s multimodal online news environment facilitates a great variety of 
self-determined and discontinuous patterns of news consumption (Conlen 
et al., 2019; Holsanova et al., 2006). Drawing on action-centered theories of 
media use (Renckstorf & Wester, 2001), we thus conceptualize news reading 
as an active, reciprocal process of attention, selection, and interpretation, 
guided by two competing mechanisms—salience and schema (Bucher & 
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Schumacher, 2006; Kaspar, 2013). Salience theory proposes that dominant 
textual, visual, or interactive elements of a news message drive the process of 
selection and interpretation. Reception is considered a bottom-up process, 
based on involuntary attention (Itti & Koch, 2000). Schema theory, by con-
trast, proposes that individual intentions and capabilities are decisive for 
users’ engagement with media, conceptualizing reception as a top-down pro-
cess, based on voluntary attention (Anderson & Pearson, 1984).
Eye tracking research has revealed that bottom-up effects mainly occur in 
the very first phase of reception (Bucher & Schumacher, 2006), when users 
try to find out what navigational options they have to explore a news article 
in more detail. Such orientation phases are usually characterized by scanning 
gaze patterns together with fixations of salient elements that by experience 
promise to be informative. Visual cues have been found to play a significant 
role in this first phase (Leckner, 2012; Pros & Tarrida, 2015). They are impor-
tant entry points for news consumers, attracting attention, and sustaining 
interest in the media message. In later phases, characterized by top-down 
effects, textual and visual elements are perceived in an alternating manner as 
individuals try to combine information from all available sources to grasp the 
meaning of a news item (Holsanova et al., 2006). Websites are predominantly 
received linearly (i.e., from top to bottom), with longer fixation durations at 
the top of a page (Kessler et al., 2020).
Only a few scholars have investigated the perception of graphical represen-
tations in print and online news. In a first study, Holmqvist and Wartenberg 
(2005) showed that infographics can prolong the reading of an associated text 
more than pictures or drawings do. More recently, de Haan et al. (2018) con-
firmed this result, suggesting that infographics are used to get an overall 
impression of a news story but are not considered in detail. Research on mul-
timedia learning illustrates that eye movements are further affected by the 
specific combination of textual and visual information—that is, whether a dia-
gram is presented within or after a body of text (Johnson & Mayer, 2012). 
Although these studies provide important insights into overall reading pat-
terns, they do not consider interactivity and animation, two key features of 
contemporary graphical content that may significantly influence in what order 
and for how long individuals observe textual and visual parts of an online 
news article and what they eventually take away from the information.
Interactive and Animated Elements in Data 
Visualizations: Impact on Perception and Learning
In this study, interactivity is understood as a technological affordance that is 
built into a media interface, enabling users to modify the pace, sequence, or 
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narrative organization of content in real time (Steuer, 1992). Interactive ele-
ments engage both visual and tactile senses, as they orient news consumers to 
the possibility of performing mouse-based actions, such as clicking, sliding, 
swiping, or zooming-in, to access, encode, and experience information in a 
user-controlled fashion (Sundar et al., 2010). Animations, by contrast, only 
speak to the visual senses. They are defined as a series of consecutively 
shown static pictures (frames), with each picture appearing as an alteration of 
the previous one. While static graphics present all information simultane-
ously, animations present information over time, which make them especially 
suited to represent physical or temporal change (Tversky et al., 2002). 
Interactive data visualizations are considered innovative news elements and 
rated as more appealing, interesting, and involving than their static counter-
parts (Ancker et al., 2009; Ward et al., 2015). According to salience theory, 
they are perceptually salient features that strongly attract visual attention 
(Wang & Sundar, 2018).1 The human visual system is sensitive to movement 
(Pritzel et al., 2003), so adding dynamic animations can further enhance this 
effect.
Schema theory, however, prescribes that the reception process is deter-
mined by not only visual design but also individuals’ capabilities and needs 
(Anderson & Pearson, 1984; Lehmann et al., 2014). Initial attention therefore 
needs to be distinguished from sustained attention allocated toward the data 
visualization. With an interactive visualization, users have more control over 
the flow of information, which can lead to selective scanning, matching on 
content that is believed to be most interesting or important (Herring et al., 
2017). In their study on reading activities on interactive online articles, 
Conlen et al. (2019) report that users show a continuum of behaviors, rang-
ing from linearly interacting with the content to interacting only with spe-
cific article components, likely based on personal relevance. They assume 
that, in general, users are willing to engage with interactive content but only 
if it is crucial to the central storyline. These findings align with previous 
work showing that simple interactive affordances, such as clicking or swip-
ing on an image, might eventually become too boring for users (Greussing, 
2019), while complex interactive pathways are likely to overwhelm and con-
fuse them (Bucy, 2004). Consequently, interactive data visualizations might 
encourage users to turn away from the visual content, seeking other informa-
tion sources, such as the surrounding text, to help them understand the arti-
cle content more easily and straightforwardly. Adding animated elements to 
an interactive data visualization could compensate for these drawbacks. Prior 
studies found that moving images induce higher levels of arousal than static 
images (Sundar & Kalyanaraman, 2004) and help focus individuals’ attention 
by clearly distinguishing themselves from other components on a webpage 
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(Wolfe & Horowitz, 2004). However, there is also evidence that the explicit 
representation of dynamic changes tempted users to consider animations only 
superficially and invest too little cognitive resources in understanding their 
main content (Schnotz & Lowe, 2003).
In a common news article, data visualizations are integrated into written 
material. Hence, in addition to altering the perception of the graphical repre-
sentation itself, interactivity and animation may affect how users attend to the 
surrounding bodies of text. Existing research has produced inconclusive find-
ings. Drawing on limited capacity models (Lang, 2000), it is argued that the 
saliency of interactive and animated elements in data visualizations comes at 
a cost: By capturing user attention and directing it toward the graphical con-
tent, they are said to divert visual attention away from the surrounding text-
based content (Xu & Sundar, 2016). Supplementing the interactive image 
with an attention-arousing animation might even amplify this negative effect 
(Opach et al., 2014; Wolfe & Horowitz, 2004; Yang et al., 2013). Drawing on 
the concept of user engagement (O’Brien & Toms, 2008), however, it is 
argued that enhancing information salience is beneficial for focused attention 
and positive affect (McCay-Peet et al., 2012), which in turn induce intrinsic 
motivation and a willingness to learn more (Arapakis et al., 2014; Greussing 
& Boomgaarden, 2019). That is, interactivity and animation are assumed to 
evoke situational interest, understood as an initial hook that translates into 
personal interest. Individuals feel absorbed by the media message and become 
curious about the story, which results in a desire for active exploration and 
discovery, indicated by investing more time and effort into the overall recep-
tion process (Oh & Sundar, 2015). Previous studies have indeed found that 
enabling a user-controlled exploration of information can induce positive 
emotional responses, such as enjoyment or satisfaction (Oh et al., 2018), par-
ticularly when the interactive features support the user experience in a natural 
and intuitive way (Oh & Sundar, 2015; Reychav & Wu, 2015). Further 
enriching an interactive data visualization with animated elements can sup-
port positive emotional responses. Moreover, research into learning from ani-
mated content indicates that a dynamic representation of information can 
serve as an “external cognitive aid for mental operations and processes” 
(Berney & Bétrancourt, 2016, p. 152). Users do not need to mentally infer the 
attributed changes but can directly perceive them in an animation, freeing up 
cognitive resources to attend and process the remaining parts of the news 
article.
Given the competing theoretical assumptions and inconclusive empirical 
findings discussed above, it appears important to better understand the per-
ception, evaluation, and processing of interactive and animated information. 
Eye movements are considered to bridge the gap between perception and 
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cognition; they provide an unobtrusive, real-time behavioral index of concur-
rent visual and cognitive processing. Eye movements and fixations are indi-
cators of the uptake of visual information and provide insights into the 
cognitive processes underlying a wide variety of human behaviors (Ashby 
et al., 2016). Extensive work has proposed a positive relationship between 
visual attention and information processing, arguing that such attention 
makes content accessible for further processing in working memory 
(Kruikemeier et al., 2018; Schmidt-Weigand et al., 2010).
Research Questions and Hypothesis
Against the backdrop of a high relevance of public understanding of science 
and the potential contribution that data visualizations may make in this 
respect, this study focuses on users’ perceptions and interpretations of inter-
active and animated elements in data visualizations as a premise of media 
effects (Bucher & Schumacher, 2006) and links them with message process-
ing. In particular, it aims to investigate how individuals visually perceive, 
evaluate, and learn from an online science news article that includes a static, 
interactive, or interactive-animated data visualization. Visual perception 
thereby refers to how long and in what order participants look at the content 
of the news article. Given the multidirectional evidence base as discussed 
above, we pose the following first research question:
Research Question 1: How do individuals visually perceive a static, an 
interactive, or an interactive-animated data visualization embedded in an 
online news article?
As outlined above, news reading patterns are driven partly by the visual 
design of a news article and partly by user characteristics. To better under-
stand why specific patterns occur, we thus incorporate what users think 
about the static, interactive, and animated elements and how they assess the 
role of data visualizations in online news. Specifically, we ask the follow-
ing question:
Research Question 2: How do individuals evaluate a static, an interac-
tive, or an interactive-animated data visualization embedded in an online 
news article?
Data visualizations are commonly integrated into written material. Since 
prior research has hardly investigated the effects of interactivity and anima-
tion on these texts, we pose the following research question:
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Research Question 3: How do individuals visually perceive the written 
text surrounding a static, an interactive, or an interactive-animated data 
visualization in an online news article?
Visual attention has consistently been found to predict cognitive process-
ing and learning (Kruikemeier et al., 2018; Schmidt-Weigand et al., 2010). 
We thus hypothesize that adding interactive and animated elements to data 
visualizations affects visual attention allocated to the news article, and this 
attention then affects memory of the article content.
Hypothesis 1: Compared with a news article including a static data visual-
ization, a news article including an interactive or an interactive-animated 
data visualization will generate longer visual fixation of the news content, 
which, in turn, will lead to a better memory of the information presented.
Methods
These research questions and hypothesis are addressed by utilizing a demand-
ing, innovative multimethod approach combining eye tracking methodology, 
cued retrospective reporting, and a memory test in an experimental research 
design.2
Sample and Procedure
Forty-five participants3 completed the study (M
age
 = 23.1; SD
age
 = 3.9, 71% 
female)—all students enrolled in communication science, recruited from the 
research participant pool of a Swiss university in spring 2019. First, partici-
pants completed an online survey on demographics, issue involvement, inter-
net literacy, perceived prior knowledge, environmental concern, and need for 
cognition. Then, they signed up for an individual appointment in the univer-
sity’s eye tracking lab. There, each participant read one of three versions of 
the stimulus article while eye movements were recorded (i.e., three experi-
mental groups4). The participants could freely choose how long they spent on 
the information presented, as they were instructed to read the article as they 
would normally do. Following stimulus exposure, the participants completed 
a posttest survey assessing knowledge uptake (memory for information pre-
sented) and took part in a short cued retrospective reporting, as suggested by 
van Gog et al. (2005). Finally, participants were informed about the study 
objectives and reimbursed with either 20 CHF or course research credit. Each 
lab session lasted about 40 minutes.
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Stimulus
Three versions of an online news article, redesigned from one published by a 
Swiss media outlet (Vögeli & Brupbacher, 2019), were created on the climate-
related decrease in snow days in Switzerland. To control for article content, 
the exact same information was conveyed across all experimental groups. 
After an extended introduction outlining the relevance of the topic and longi-
tudinal trends, the specific decrease in snow days for nine Swiss locations was 
presented on a map-based data visualization. For each location, a diagram 
showed the average amount of snow days for two time periods (1960-1990 
and 1990-2018, respectively). An insert indicated the percentage decrease (see 
Appendix A for screenshots, available as supplement5). Following the visual-
ization, possible reasons for the decrease in snow days were discussed, under-
pinned with scientific expertise (e.g., a direct quote from a climate scientist). 
Explicit reference was made to two locations on the map that show unusual 
longitudinal trends. The article ended with possible actions against the climate- 
related decrease in snow days, again supported with quotes from scientists. 
Total length of the article was 540 words.
The difference among the three experimental groups concerned only the 
design of the data visualization (see Table 1). We decided to use a rather 
simple type of interactive data visualization, requiring users only to click on 
hotspots, as they represent a typical example of graphical content used in 
German-speaking online news (Zwinger & Zeiller, 2016).
All participants viewed the stimulus material in digital format on a 22-inch 
color-calibrated monitor positioned at a fixed distance (approximately 25 
inches). The length and design of the stimulus was oriented toward common 
news websites in Western countries; the average reading time was 3.1 min-
utes (SD = 1.0). Before conducting the study, a pretest among 61 German-
speaking contributors on the crowdsourcing platform Figure Eight was 
administered to ensure that participants perceived the stimulus material as 
professionally designed, easy to understand, and highly usable.6
Measurements
Eye tracking is a process-tracking method that allows researchers to monitor 
the position (fixation, defined as the maintaining of the visual gaze on a sin-
gle location) and movement of the eyes and thus to objectively assess news 
consumers’ visual behavior (King et al., 2019; Zillich & Kessler, 2019). In 
the present study, visual perception of the stimulus is based on eye movement 
data capturing for how long and in what order participants attended to the 
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content of the news article (Holmqvist et al., 2011). A priori, three areas of 
interest (AOIs) were selected to distinguish among visual attention directed 
at the (1) first body of text, (2) map-based data visualization, and (3) second 
body of text (see Figure 1, available as supplement).
Within these AOIs, we focus on two key measures of visual attention: 
fixation time, defined as the sum of the fixation durations inside an AOI, 
and fixation count, defined as the number of all fixations inside an AOI. In 
addition, for visual attention allocated toward the data visualization, a 
trained student assistant manually counted how often participants looked at 
the nine diagrams and what properties of the diagrams were visually con-
sidered. To gain insights into what individuals prioritized when engaging 
with a news article, we are further interested in the order in which partici-
pants attended to the different textual and visual areas. This information is 
provided by the AOI sequence chart, which is a representation of the fix-
ated AOIs over time.
All eye tracking data were collected on a stationary remote system from 
SensoMotoric Instruments (iView X Red) with infrared illumination that 
tracks movements from both eyes at a sample rate of 120 Hz. Participants 
were not required to wear any physical installation and could freely move 
their eyes around the screen, enabling a more natural experimental environ-
ment. To ensure accurate tracking, the experiment started with a nine-point 
calibration (deviation X: M = 0.25 [SD = 0.12]; deviation Y: M = 0.27 
[SD = 0.12]). The distance to the screen and the tracking quality were moni-
tored during the entire session.
For evaluation of the data visualization, we rely on self-report data 
obtained in cued retrospective reports. Following van Gog et al. (2005), 
Table 1. Description of the Three Experimental Groups.
Text-based news 
article with . . . Description of the visualization
a static visualization  
(N = 15)
No possibility to manipulate the form or content 
of the map-based visualization. All diagrams of 
the average snow days are immediately visible.
an interactive 
visualization (N = 15)
Possibility to click on specific Swiss locations on 
the map to display a static diagram showing the 
average snow days of the respective location.
an interactive-animated 
visualization (N = 15)
Possibility to click on specific Swiss locations on 
the map to display an animated diagram showing 
the average snow days of the respective location.
Animation: The change in snow days is dynamically 
displayed over time.
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participants were asked to watch the recording of their eye movements and 
verbalize what they were thinking while reading the stimulus article. If they 
remained silent for more than 3 seconds, the question “What did you think 
here?” reminded them to keep talking. In the gaze replay, one dot indicating 
the fixation was visible at a time and moved across the screen. Participants 
were able to pause the replay while talking. The reports were recorded and 
transcribed by a trained student assistant. The first author of this study sys-
tematically annotated and condensed the transcripts (following Mayring 
[2004] and based on the respective research question) to identify patterns in 
the data.
Following Eveland and Dunwoody (2001), memory for information pre-
sented was assessed by a cued recall test with four multiple choice questions 
and a recognition test with five open-ended questions, covering information 
presented in all parts of the stimulus article (see Appendix B for original 
question wordings, available as supplement). Correct answers were coded as 
one. The open-ended questions covered more than one piece of information, 
so participants received partial point for each piece correctly mentioned. 
Answers that were incorrect or left blank were coded as zero, which resulted 
in a maximum of nine points for memory (M = 5.4, SD = 1.6).
Additional Measures. Issue involvement has been found to be a decisive pre-
dictor for engagement with graphical content in news (Lee & Kim, 2016) and 
is thus used in our mediation analyses as statistical control. It was measured 
using five items covering individuals’ general interest in environmental 
issues and climate change and their interest in news and conversations about 
these topics (M = 3.7, SD = 0.6, Cronbach’s α = .85). In addition, we 
assessed personal influence variables with regard to impact of scientific 
information in general to ensure that there is no systematic bias across the 
three experimental groups. In particular, internet literacy (queried using 1 self-
assessment item; M = 4.4; SD = 0.61), environmental concern (queried using 
4 items by Tobler et al. [2012]; M = 4.7; SD = 0.42, Cronbach’s α = .71), 
perceived prior knowledge on climate change (queried using 1 self-assessment 
item; M = 3.6; SD = 0.75), credibility attribution (queried using a semantic 
differential with 10 items by Schweiger [1999]; M = 3.9; SD = 0.49, 
Cronbach’s α = .80), and need for cognition (queried presenting users a ran-
dom subset of 7 out of 16 items by Bless et al. [1994]; M = 2.3; SD = 0.69) 
were surveyed and controlled. The data show that all of them are equally 
distributed across the three experimental groups (p > .05), indicating that 
there are no significant differences in mean values that could explain a poten-
tial effect of the experimental condition. All items were measured on a 5-point 
scale, ranging from 1 = strongly disagree to 5 = strongly agree.
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Results
Visual Perception of the Data Visualization  
(Research Question 1)
In line with our first research question, we first report on whether interactive 
and animated elements in data visualizations alter the overall perception of an 
online news article. We start by focusing on participants’ reading patterns—
that is, in what order they notice the textual and visual parts. The gaze record-
ings displayed in the AOI sequence charts (see Figures 2a-c, available as 
supplement) show that across all experimental groups, the AOIs are observed 
one after the other—the first part of the text, then the graphic, and, finally, the 
second part of the text. Twelve persons (27%) looked at the graphic within 
the first 5 seconds.
In the retrospective reporting, this pattern is justified by a clear expectation 
of how data visualizations should work in a news article. Participants assumed 
that textual and graphical elements are deliberately arranged in this order to 
best support the understanding of the content, resulting in statements such as 
I noticed the data visualization from the beginning, but I read the text first, 
because if you only have the graphic without the text, you don’t know the 
context and can’t understand the graphic.
The interviews also show that it is sufficient for the users to know that inter-
active elements are included—their specific functionality and the content 
they will reveal is not yet relevant.
The eye tracking data further show that 20 persons (44%) returned to the 
visualization while reading the second part of the text. According to the ret-
rospective interviews, the visualization was mainly used to validate and con-
textualize the text-based information: Where in Switzerland is the venue 
mentioned? How many snow days are there exactly? Is that really an excep-
tional number compared with other locations? Participants also pointed out 
that the visualization helped them have a better memory for the information 
presented in the text. As outlined in the multimodality literature (Bucher & 
Schumacher, 2006), in later phases of the reception process, people draw on 
all sources/modalities available to make sense of the news article. Ten out of 
the 20 persons returning to the visualization were exposed to interactive and 
animated elements. The static and the interactive visualization had five per-
sons each. In the interviews, however, the design of the graphic is not men-
tioned as a reason to reexamine it.
Besides the overall engagement with the stimulus article, we are interested 
in the visual attention allocated to the data visualization, indicated by the time 
spent with this AOI. An analysis of variance (ANOVA) with Bonferroni 
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correction based on 10.000 bootstrapping iterations revealed a significant 
mean difference regarding fixation time (in ms) between the interactive-ani-
mated and the static conditions (mean difference 95% confidence interval [CI] 
[40.7; 24922.5]) and between the interactive-animated and the interactive con-
ditions (mean difference 95% CI [3848.7; 28730.5], F[2, 42] = 5.83, partial 
η2 = .22; see Table 2). The interactive-animated version of the visualization 
generated the longest visual attention; the static version ranks second place. 
The interactive-animated visualization was examined not only the longest but 
also the most intensively—it generated the highest number of fixations, differ-
ing significantly from the interactive visualization (mean difference 95% CI 
[1.6; 51.6], F[2, 42] = 2.3, partial η2 = .099). The long fixation on the visual-
ization with animated elements might be explained by the duration of the ani-
mations, as 94% of the users watched them until the end. Hence, we conduct 
a more in-depth analysis of participants’ engagement with the visual content.
The map-based data visualization consists of nine single diagrams present-
ing more detailed information about the decrease in snow days for different 
locations in Switzerland. The gaze recordings show that participants assigned 
to the static condition looked at significantly more diagrams, on average, than 
participants assigned to the interactive one (F[2, 42] = 9.9, p < .01). No 
significant difference is found among all other conditions. On average, eight 
of the static diagrams were visually attended (M = 8.4; SD = 1.2), but only 
five of the interactive ones (M = 4.9; SD = 2.6). The interactive-animated 
presentation form ranks in the middle, with seven diagrams (M = 6.7; 
SD = 2.4). To grasp the main content of the diagrams, it is primarily necessary 
to examine the insert displaying the percentage decrease in snow days. Here, 
the same pattern emerges—the inserts in the static graphic are fixated most 
often, while those in the interactive graphic are fixated the least. The dif-
ference between these two groups is significant (F[2, 42] = 11.1, p < .01).
While the eye tracking data indicate an influence of visual design, partici-
pants’ answer as to why they paid attention to specific diagrams suggest that 
selection behavior is not affected by the presence (or absence) of interactive 
and animated elements. On the contrary, participants selected diagrams that 
represent places with which they have a personal relationship (e.g., their 
home town or holiday resort) or for which they have some prior assumptions 
about how the snow days could have changed over time (e.g., locations in the 
south that might be particularly affected by a decline). In the vast majority of 
cases, locations that were not considered personally relevant were simply 
ignored. One participant noted 
From the data visualization I obtain just what I want and need. There are several 
places to choose from, but I don’t look at them all; I only look at those that have 
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These findings corroborate that for news consumers data visualizations 
mainly fulfill a supportive function. They should make the text more compre-
hensible, but there is no need to perceive them in their entirety, as one partici-
pant in the static condition explained: 
This article has already said that in some cases the snow days have been 
reduced by more than half. I was therefore less attentive to the visualization—I 
had already extracted the information from the text.
Evaluation of the Data Visualization (Research Question 2)
The cued retrospective reportings indicate that the core expectation of graph-
ical representations of content is to be clearly structured and quickly under-
stood. Interactive and animated elements in data visualizations are evaluated 
against these expectations. Participants in the interactive and interactive-
animated conditions noted that
I liked the interactive elements. The effort was small; you click, and the 
information is available. But if I had to open more, if it’s nested or 
something. . . . I wouldn’t use it. But here it was only one click
I enjoyed the animation, it wasn’t too long and I wasn’t forced to watch everything.
When discussed, the quality of the data visualization was mostly evaluated 
positively—30 people rated the graphs as clearly structured and easy to 
understand, regardless of which graph they were exposed to. Moreover, the 
retrospective thinking-aloud interviews highlight the emotional impact of the 
interactive-animated type. The animations are described as exciting, appeal-
ing, and impressive—“It was an interesting effect . . . if you don’t know 
where the bar will stop in the end. I thought, oh, it doesn’t stop at all, wow! 
That reinforces the statement.” Moreover, participants emphasize that the 
graphic becomes self-explanatory when animations are employed—“You 
open the animation and don’t have to think about how to read the graphic . . . 
because the bar goes right down and you see what happened to the snow 
days.” The content of the article is thus regarded as more comprehensible. 
Each graphic, however, also had critics. Regarding the interactive elements, 
participants did not see the added value of being required to click on a hotspot 
to display information, while animations were regarded as overly dramatic.
Visual Perception of the Surrounding Text Parts  
(Research Question 3)
The stimulus consisted of two bodies of text, one before and one after the 
visualization. An ANOVA with Bonferroni post hoc test reveals that across 
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all experimental groups, the same amount of time was spent on the first body 
of text (F[2, 42] = 0.96, p > .05, partial η2 = .04). For the second body of 
text, however, significant differences emerge (F[2, 42] = 2.64, partial 
η2 = .11)—here, the fixation time was significantly longer for participants 
exposed to the interactive-animated visualization compared with the static 
visualization (mean difference = 95% CI [4447.1; 42478.4]). For fixation 
count, no significant differences emerged. This indicates that individual 
engagement with the graphic paired with the animated content intensified 
engagement with the subsequent text-based information (see also the heat 
maps of the various article versions displayed in Figures 3a-c, available as 
supplement).
Memory for Information Presented (Hypothesis 1)
Last, in line with Hypothesis 1, we test for direct and indirect effects of the 
stimulus article on memory. We run a mediation analysis with 10,000 boot-
strap resamples and 95% percentile confidence intervals using Hayes’ (2018) 
PROCESS macro (Model 4). The mediation model includes the three experi-
mental conditions as a multicategorical independent variable (dummy coded), 
knowledge acquisition as a dependent variable, fixation time as a mediator, 
and issue involvement as a covariate. The static condition serves as the refer-
ence group, against which the other two conditions were tested.
When running the mediation analysis testing for acquisition of informa-
tion presented in all parts of the article through visual attention allocated to 
all parts, we find no significant direct or indirect effects (p > .05) for any of 
the conditions. Given the findings obtained in the ANOVA models above, in 
a next step, we narrow the analysis down to acquisition of information pre-
sented in the second body of text. The dependent variable thus includes only 
a subset of five questions (four of them tapping recall memory). The results 
show that a longer examination of the second part of the news article with 
interactive and animated elements indeed translated into a higher knowledge 
acquisition—we find a significant positive indirect effect of the interactive-
animated condition on memory through fixation time (point estimate = .39, 
95% CI [0.02; 0.95]; see also Figure 4). As we find no significant relative 
direct effect (point estimate = −.27, 95% CI [−1.10; 0.56]), it appears that in 
this model knowledge uptake from these kinds of online news articles is com-
pletely mediated through visual attention (Hayes, 2018). Importantly, the 
indirect effect remains stable when controlling for issue involvement. For the 
static and interactive condition, neither direct nor indirect effects emerged 
(p > .05). Hypothesis 1 can therefore only be confirmed for the interactive-
animated condition and only for the second part of the text.
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Figure 4. Path diagram of the serial mediation.
Note. Values are unstandardized regression coefficients (N = 45). Issue involvement is 
included as control variable.
**p < .001. *p < .01. n.s., nonsignificant.
Discussion
Relying on an innovative multimethod approach with eye tracking, cued 
retrospective reporting, and a memory test, this experimental study provides 
important insights into how new forms of graphical representations on the 
internet affect the reception and subsequent learning of information about 
complex topics, such as climate change. Overall, it shows that the dynamic 
process of news reception requires a nuanced understanding of how users 
actually engage with visual and textual parts of a message in order to make 
informed statements about their effectiveness. Specifically, our data indicate 
that interactive features do not immediately grab all attention; rather, partici-
pants show a linear reading pattern from top to bottom. Challenging assump-
tions proposed by salience theory (Itti & Koch, 2000), only half the 
participants exposed to an interactive version of the stimulus fixated on the 
graphic at the beginning of the reception process. One possible explanation 
for this effect is that visualizations with clickable hotspots are quite common 
in today’s online environment and thus do not attract much attention any-
more. This might be even the case when the hotspots are used as a main 
feature of the visualization—in our study, participants could only see a blank 
map of Switzerland, unless a hotspot was clicked. This finding has impor-
tant consequences. On the one hand, it shows that the attention-grabbing 
potential of (simple) interactive visualizations affording only one click may 
be overestimated in the literature (Sterman, 2011; Ward et al., 2015). Just as 
with static graphical content (de Haan et al., 2018), interactive graphical 
content mainly serves as an add-on to the central text, used to contextualize 
the overall news message. On the other hand, taking our findings one step 
further, they imply that engaging with interactive and animated affordances 
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cannot be assumed to influence the reception of a news message as a whole. 
Instead, only those parts of the message that are perceived after the graphi-
cal content might be affected. The present study supports the following 
inference: Adding interactive and animated elements to a data visualization 
only affected the time spent with the body of text after the visualization, 
which, in turn, translated into better learning. This insight may at least partly 
explain the inconclusive results obtained in previous studies on learning 
from multimodal news (but see Xu & Sundar, 2016). One direction for future 
research thus may be to further examine whether the combination of interac-
tivity and animation in graphical content is indeed able to overturn the com-
mon pattern of website reading (i.e., allocating most of the attention to the 
beginning of the website; Kessler et al., 2020), as indicated by our data. 
Notably, this effect could be only observed for the richest version of the data 
visualization, with both interactive and animated elements. In line with user 
engagement models (O’Brien & Toms, 2008; Oh & Sundar, 2015), the cued 
retrospective reports point to emotional impact as a potential explanation for 
its superiority—the combination of interactivity and animation is consis-
tently described as an intriguing design feature that arouses curiosity and 
interest in further information.
This study carries significant implications for creators of science-related 
data visualizations: While they are intended to display rational and objective 
scientific data, such images also stimulate subjective interpretations and 
affective responses (Schneider, 2012). Moreover, as suggested by the litera-
ture (McCay-Peet et al., 2012), animation can lead to sustained attention: The 
fixation duration was longest for participants who were exposed to the inter-
active-animated visualization. Importantly, however, interactivity and anima-
tion are only successful if they are simple and easy to use, as individuals aim 
to have information quickly available in order to rely on effortless processing 
(for similar notions regarding infographics, see de Haan et al., 2018). Despite 
these promising findings, it would be shortsighted to unconditionally recom-
mend interactivity and animation in data visualizations in order to promote 
news consumers’ understanding of science-related news. Indeed, the results 
of our study suggest that design choices must be linked back to the informa-
tion that news organizations aim to communicate. According to the gaze 
recordings, static visualizations are perceived in more detail than their inter-
active counterparts; on the static map, more diagrams carrying relevant infor-
mation were visually attended. That is, even though interactive-animated 
visualizations generated the longest overall fixation time, hiding important 
information behind clickable hotspots can pose a risk, as users appear to 
exploit interactive data visualizations rather selectively.
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Our study is among the first to systematically investigate the effects of 
graphical representations in science communication with regard to the com-
bination of text and different types of data visualizations. The study reveals 
notable findings in this respect, but it is important to assess them within the 
context of their limitations. First, we applied an innovative multimethod 
approach consisting of eye tracking, cued retrospective reporting, and a 
memory test. This approach enabled us to gain detailed insights into indi-
viduals’ reception processes but required us to collect the data in a lab setting, 
which—together with the forced exposure to the stimulus article—affects the 
external validity of the study (Zillich & Kessler, 2019). Second, the eye 
tracking methodology requires high effort, which resulted in a rather small 
sample size (45 students; King et al., 2019). Moreover, as with any student 
sample, students are very well comparable with each other in terms of their 
cognitive abilities, age, and education, but they are not representative of the 
general population. Inherent in the eye tracking method is that it cannot be 
determined whether a recipient perceives something because of its special 
characteristics (e.g., it is strikingly designed), due to a habitual behavior, or 
because it is cognitively guided (Zillich & Kessler, 2019). To ensure that our 
findings are not specific to sample or issue characteristics, further research 
should test them in a more representative sample with different stimulus arti-
cles, going beyond the topic of climate change. Moreover, since our data 
suggest that users tended to ignore information to which no personal relation 
could be identified, further investigating the role of personal relevance for the 
use of interactive content might be an important issue for future research, 
aiming to get more close to a comprehensive understanding of the impact of 
interface features used in contemporary visual science communication.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, 
authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publi-
cation of this article.
ORCID iDs
Esther Greussing  https://orcid.org/0000-0001-8655-5119
Sabrina Heike Kessler  https://orcid.org/0000-0003-1858-7041
Hajo G. Boomgaarden  https://orcid.org/0000-0002-5260-1284
822 Science Communication 42(6)
Supplemental Material
Supplemental material for this article is available online at http://journals.sagepub 
. com/doi/suppl/10.1177/1075547020962100
Notes
1. In a recent German study, however, 17% of participants did not realize that the 
data visualization contained interactive elements (Bussemas, 2018).
2. The design and contents of the study were approved by the university’s ethics 
committee.
3. Initially, 46 persons took part. One could not be included in the final data set due 
to technical problems during the gaze recording.
4. Since eye tracking is a demanding and costly method (relying on individual lab ses-
sions for each participant), sample sizes are usually small (Zillich & Kessler, 2019).
5. All supplementary materials are also available from the authors.
6. Participants were shown one of the three stimulus articles and asked to read it 
carefully. In a short poststimulus survey, the professionalism and usability of the 
all three visualizations was rated above average (M
professionalism
 = 4.2, SD = 0.91; 
M
usability
 = 4.3, SD = 0.68). The majority of respondents (82%) stated that they 
had paid attention to the individual diagrams in the charts. Article content was 
further rated as credible (M = 4.3, SD = 0.90), rather simple (M = 3.7, SD = 
1.0), and easy to understand (M = 4.3, SD = 0.77). All items were measured on 
a 5-point scale (1 = strongly disagree to 5 = strongly agree).
References
Allen, W. L. (2018). Visual brokerage: Communicating data and research through 
visualisation. Public Understanding of Science, 27(8), 906-922. https://doi.
org/10.1177/0963662518756853
Ancker, J. S., Chan, C., & Kukafka, R. (2009). Interactive graphics for express-
ing health risks: Development and qualitative evaluation. Journal of Health 
Communication, 14(5), 461-475. https://doi.org/10.1080/10810730903032960
Anderson, R. C., & Pearson, P. D. (1984). A schema-theoretic view of basic processes 
in reading comprehension. In P. D. Pearson (Ed.), Handbook of reading research 
(pp. 255-291). Lawrence Erlbaum.
Arapakis, I., Lalmas, M., Cambazoglu, B. B., Marcos, M.-C., & Jose, J. M. (2014). 
User engagement in online news: Under the scope of sentiment, interest, affect, 
and gaze. Journal of the Association for Information Science and Technology, 
65(10), 1988-2005. https://doi.org/10.1002/asi.23096
Arsenault, D. J., Smith, L. D., & Beauchamp, E. A. (2006). Visual inscriptions in the 
scientific hierarchy: Mapping the “treasures of science.” Science Communication, 
27(3), 376-428. https://doi.org/10.1177/1075547005285030
Ashby, N. J. S., Johnson, J. G., Krajbich, I., & Wedel, M. (2016). Applications and 
innovations of eye-movement research in judgment and decision making. Journal 
Greussing et al. 823
of Behavioral Decision Making, 29(2-3), 96-102. https://doi.org/10.1002/bdm 
.1956
Berney, S., & Bétrancourt, M. (2016). Does animation enhance learning? A meta-
analysis. Computers & Education, 101, 150-167. https://doi.org/10.1016/j.
compedu.2016.06.005
Bless, H., Wänke, M., Bohner, G., Fellhauer, R. F., & Schwarz, N. (1994). Need 
for cognition: eine Skala zur Erfassung von Engagement und Freude bei 
Denkaufgaben. [Need for cognition: a scale measuring engagement and happi-
ness in cognitive tasks]. Zeitschrift für Sozialpsychologie, 25, 147–154.
Bolsen, T., Palm, R., & Kingsland, J. T. (2019). Counteracting climate science politi-
cization with effective frames and imagery. Science Communication, 41(2), 
147-171. https://doi.org/10.1177/1075547019834565
Bucher, H.-J., & Schumacher, P. (2006). The relevance of attention for selecting 
news content: An eye-tracking study on attention patterns in the reception of 
print and online media. Communications, 31(3), 457. https://doi.org/10.1515/
COMMUN.2006.022
Bucy, E. P. (2004). The interactivity paradox: Closer to the news but confused. In 
P. E. Bucy & E. J. Newhagen (Eds.), Media access: Social and psychological 
dimensions of new technology use (pp. 47-72). Lawrence Erlbaum.
Bussemas, E. (2018). Mehr als Balken und Torten. Eine experimentelle Befragung zur 
Wahrnehmung von interaktiven Datenvisualisierungen im Journalismus. [More 
than bars and pies. An experimental survey on the perception of interactive data 
visualizations in journalism.] M&K Medien & Kommunikationswissenschaft, 
66(2), 188-216.
Carpenter, P. A., & Shah, P. (1998). A model of the perceptual and conceptual pro-
cesses in graph comprehension. Journal of Experimental Psychology: Applied, 
4(2), 75-100. https://doi.org/10.1037/1076-898X.4.2.75
Conlen, M., Kale, A., & Heer, J. (2019). Capture & analysis of active reading 
behaviors for interactive articles on the web. Computer Graphics Forum, 38(3), 
687-698. https://doi.org/10.1111/cgf.13720
de Haan, Y., Kruikemeier, S., Lecheler, S., Smit, G., & van der Nat, R. (2018). When 
does an infographic say more than a thousand words? Journalism Studies, 19(9), 
1293-1312. https://doi.org/10.1080/1461670X.2016.1267592
Eveland, J. W. P., & Dunwoody, S. (2001). User control and structural isomorphism 
or disorientation and cognitive load? Communication Research, 28(1), 48-78. 
https://doi.org/10.1177/009365001028001002
Greussing, E. (2019). Powered by immersion? Examining effects of 360-degree pho-
tography on knowledge acquisition and perceived message credibility of climate 
change news. Environmental Communication, 25(1), 1-16. https://doi.org/10.10
80/17524032.2019.1664607
Greussing, E., & Boomgaarden, H. G. (2019). Simply bells and whistles? Cognitive 
effects of visual aesthetics in digital longforms. Digital Journalism, 7(2), 
273-293. https://doi.org/10.1080/21670811.2018.1488598
824 Science Communication 42(6)
Haßler, J., Maurer, M., & Oschatz, C. (2019). What you see is what you know: The 
influence of involvement and eye movement on online users’ knowledge acqui-
sition. International Journal of Communication, 13, 3739-3763. https://doi.
org/1932-8036/20190005
Harold, J., Lorenzoni, I., Shipley, T. F., & Coventry, K. R. (2016). Cognitive and psy-
chological science insights to improve climate change data visualization. Nature 
Climate Change, 6(12), 1080-1089. https://doi.org/10.1038/nclimate3162
Harrower, M., & Fabrikant, S. I. (2008). The role of map animation in geographic 
visualization. In M. Dodge (Ed.), Geographic visualization: Concepts, tools and 
applications (pp. 49-65). Wiley. https://doi.org/10.1002/9780470987643.ch4
Hayes, A. F. (2018). Mediation, moderation, and conditional process analysis 
(2nd ed.). Guilford Press.
Herring, J., Van Dyke, M. S., Cummins, R. G., & Melton, F. (2017). Communicating 
local climate risks online through an interactive data visualization. Environ-
mental Communication, 11(1), 90-105. https://doi.org/10.1080/17524032.201
6.1176946
Holmqvist, K., Nyström, M., Andersson, R., Dewhurst, R., Jarodzka, H., & Van de 
Weijer, J. (2011). Eye tracking: A comprehensive guide to methods and mea-
sures. Oxford University Press.
Holmqvist, K., & Wartenberg, C. (2005). The role of local design factors for news-
paper reading behavior: An eye-tracking perspective. Lund University Cognitive 
Studies, 127, 1-21.
Holsanova, J., Rahm, H., & Holmqvist, K. (2006). Entry points and reading paths 
on newspaper spreads: Comparing a semiotic analysis with eye-tracking mea-
surements. Visual Communication, 5(1), 65-93. https://doi.org/10.1177/147035 
7206061005
Itti, L., & Koch, C. (2000). A saliency-based search mechanism for overt and covert 
shifts of visual attention. Vision Research, 40 (10-12), 1489-1506. https://doi.
org/10.1016/S0042-6989(99)00163-7
Johnson, C. I., & Mayer, R. E. (2012). An eye movement analysis of the spatial 
contiguity effect in multimedia learning. Journal of Experimental Psychology: 
Applied, 18(2), 178-191. https://doi.org/10.1037/a0026923
Kaspar, K. (2013). What guides visual overt attention under natural conditions? Past 
and future research. International Scholarly Research Notices Neuroscience, 
2013, 868491. https://doi.org/10.1155/2013/868491
Kessler, S. H., Mede, N. G., & Schäfer, M. S. (2020). Eyeing CRISPR on Wikipedia: 
Using eye tracking to assess what lay audiences look for to learn about CRISPR 
and genetic engineering. Environmental Communication. Advance online publi-
cation. https://doi.org/10.1080/17524032.2020.1723668
Kessler, S. H., Reifgerste, D., & Guenther, L. (2016). Die Evidenzkraft von Bildern 
in der Wissenschaftskommunikation [The evidential power of images in sci-
ence communication]. In G. Ruhrmann, S. H. Kessler & L. Guenther (Eds.), 
Wissenschaftskommunikation zwischen Risiko und (Un-) Sicherheit (pp. 170-191). 
Halem.
Greussing et al. 825
King, A. J., Bol, N., Cummins, R. G., & John, K. K. (2019). Improving visual behav-
ior research in communication science: An overview, review, and reporting rec-
ommendations for using eye-tracking methods. Communication Methods and 
Measures, 13(3), 149-177. https://doi.org/10.1080/19312458.2018.1558194
Kruikemeier, S., Lecheler, S., & Boyer, M. M. (2018). Learning from news on dif-
ferent media platforms: An eye-tracking experiment. Political Communication, 
35(1), 75-96. https://doi.org/10.1080/10584609.2017.1388310
Lang, A. (2000). The limited capacity model of mediated message processing. Journal 
of Communication, 50(1), 46-70. https://doi.org/10.1111/j.1460-2466.2000.
tb02833.x
Lazard, A., & Atkinson, L. (2015). Putting environmental infographics center stage. 
Science Communication, 37(1), 6-33. https://doi.org/10.1177/1075547014555997
Leckner, S. (2012). Presentation factors affecting reading behaviour in readers of 
newspaper media: An eye-tracking perspective. Visual Communication, 11(2), 
163-184. https://doi.org/10.1177/1470357211434029
Lee, E.-J., & Kim, Y. W. (2016). Effects of infographics on news elaboration, acquisi-
tion, and evaluation: Prior knowledge and issue involvement as moderators. New 
Media & Society, 18(8), 1579-1598. https://doi.org/10.1177/1461444814567982
Lehmann, J., Müller-Birn, C., Laniado, D., Lalmas, M., & Kaltenbrunner, A. 
(2014). Reader preferences and behavior on Wikipedia. In L. Ferres, G. Rossi, 
V. Almeida & E. Herder (Eds.), Proceedings of the 25th ACM Conference 
on Hypertext and Social Media: HT‘14 (pp. 88-97). ACM Press. https://doi.
org/10.1145/2631775.2631805
Mayring, P. (2004). Qualitative content analysis. In U. Flick, E. von Kardoff & I. 
Steinke (Eds.), A companion to qualitative research (pp. 159-176). Sage.
McCay-Peet, L., Lalmas, M., & Navalpakkam, V. (2012). On saliency, affect and 
focused attention. In J. A. Konstan, E. H. Chi & K. Höök (Eds.), Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems (pp. 541-550). 
Association for Computing Machinery. https://doi.org/10.1145/2207676.2207751
McMahon, R., Stauffacher, M., & Knutti, R. (2016). The scientific veneer of IPCC 
visuals. Climatic Change, 138(3-4), 369-381. https://doi.org/10.1007/s10584-
016-1758-2
Neset, T.-S., Opach, T., Lion, P., Lilja, A., & Johansson, J. (2016). Map-based web 
tools supporting climate change adaptation. The Professional Geographer, 68(1), 
103-114. https://doi.org/10.1080/00330124.2015.1033670
Nocke, T., Sterzel, T., Böttinger, M., & Wrobel, M. (2008). Visualization of cli-
mate and climate change data: An overview. In M. Ehlers, K. Behncke, F.-W. 
Gerstengarbe, F. Hillen, L. Koppers, L. Stroink & J. W. Wichmann (Eds.), 
Digital earth summit on geoinformatics 2008: Tools for global change research 
(pp. 226-232). Wichmann.
O’Brien, H. L., & Toms, E. G. (2008). What is user engagement? A conceptual frame-
work for defining user engagement with technology. Journal of the American 
Society for Information Science and Technology, 59(6), 938-955. https://doi.
org/10.1002/asi.20801
826 Science Communication 42(6)
Oh, J., Bellur, S., & Sundar, S. S. (2018). Clicking, assessing, immersing, and sharing: 
An empirical model of user engagement with interactive media. Communication 
Research, 45(5), 737-763. https://doi.org/10.1177/0093650215600493
Oh, J., & Sundar, S. S. (2015). How does interactivity persuade? An experimental 
test of interactivity on cognitive absorption, elaboration, and attitudes. Journal of 
Communication, 65(2), 213-236. https://doi.org/10.1111/jcom.12147
Opach, T., Gołębiowska, I., & Fabrikant, S. I. (2014). How do people view multi-
component animated maps? The Cartographic Journal, 51(4), 330-342. https://
doi.org/10.1179/1743277413Y.0000000049
Pauwels, L. (2020). On the nature and role of visual representations in knowledge 
production and science communication. In A. Leßmöllmann, M. Dascal & T. 
Gloning (Eds.), Science communication (pp. 235-256). de Gruyter. https://doi.
org/10.1515/9783110255522-011
Pritzel, M., Brand, M., & Markowitsch, H. J. (2003). Visuelles system [Visual sys-
tem]. In M. Pritzel, M. Brand & J. Markowitsch. (Eds.), Gehirn und Verhalten 
(pp. 147-183). Springer. https://doi.org/10.1007/978-3-8274-2340-5_7
Pros, R. C., & Tarrida, A. C. (2015). News photography for Facebook: Effects of 
images on the visual behaviour of readers in three simulated newspaper formats. 
Information Research, 20(1), 315-333.
Renckstorf, K., & Wester, F. (2001). The “media use as social action” approach: 
Theory, methodology, and research evidence so far. Communications, 26(4), 
389-420. https://doi.org/10.1515/comm.2001.26.4.389
Retchless, D. P. (2014). Sea level rise maps: How individual differences compli-
cate the cartographic communication of an uncertain climate change hazard. 
Cartographic Perspectives, 77, 17-32. https://doi.org/10.14714/CP77.1235
Reychav, I., & Wu, D. (2015). Are your users actively involved? A cognitive absorp-
tion perspective in mobile training. Computers in Human Behavior, 44, 335-346. 
https://doi.org/10.1016/j.chb.2014.09.021
Rodríguez Estrada, F. C., & Davis, L. S. (2015). Improving visual communication of 
science through the incorporation of graphic design theories and practices into 
science communication. Science Communication, 37(1), 140-148. https://doi.
org/10.1177/1075547014562914
Schmidt-Weigand, F., Kohnert, A., & Glowalla, U. (2010). A closer look at split 
visual attention in system- and self-paced instruction in multimedia learning. 
Learning and Instruction, 20(2), 100-110. https://doi.org/10.1016/j.learninstruc 
.2009.02.011
Schneider, B. (2012). Climate model simulation visualization from a visual studies 
perspective. Wiley Interdisciplinary Reviews: Climate Change, 3(2), 185-193. 
https://doi.org/10.1002/wcc.162
Schnotz, W., & Lowe, R. (2003). External and internal representations in multime-
dia learning. Introduction. Learning and Instruction, 13(2), 117-123. https://doi.
org/10.1016/S0959-4752(02)00015-4
Schroth, O., Angel, J., Sheppard, S., & Dulic, A. (2014). Visual climate change com-
munication: From iconography to locally framed 3D visualization. Environmental 
Communication, 8(4), 413-432. https://doi.org/10.1080/17524032.2014.906478
Greussing et al. 827
Schweiger, W. (1999). Medienglaubwürdigkeit – Nutzungserfahrung oder 
Medienimage? Eine Befragung zur Glaubwürdigkeit des World Wide Web im 
Vergleich mit anderen Medien. [Media credibility – user experience or media 
image? A survey on the credibility of the World Wide Web in comparison with 
other media] In P. Rössler, & W. Wirth (Eds.), Glaubwürdigkeit im Internet: 
Fragestellungen, Modelle, empirische Befunde [Credibility on the Internet: 
Questions, models, empirical findings] (pp. 89–110). Reinhard Fischer.
Sterman, J. D. (2011). Communicating climate change risks in a skeptical world. 
Climatic Change, 108(4), 811-826. https://doi.org/10.1007/s10584-011-0189-3
Steuer, J. (1992). Defining virtual reality: Dimensions determining telepresence. 
Journal of Communication, 42(4), 73-93. https://doi.org/10.1111/j.1460-2466 
.1992.tb00812.x
Sundar, S. S., & Kalyanaraman, S. (2004). Arousal, memory, and impression forma-
tion effects of animation speed in web advertising. Journal of Advertising, 33(1), 
7-17. https://doi.org/10.1080/00913367.2004.10639152
Sundar, S. S., Xu, Q., & Bellur, S. (2010). Designing interactivity in media interfaces. 
In Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems (pp. 2247-2256). ACM. https://doi.org/10.1145/1753326.1753666
Tobler, C., Visschers, V. H. M., & Siegrist, M. (2012). Consumers’ knowledge about 
climate change. Climatic Change, 114(2), 189-209. https://doi.org/10.1007/
s10584-011-0393-1
Tversky, B., Morrison, J. B., & Betrancourt, M. (2002). Animation: Can it facilitate? 
International Journal of Human-Computer Studies, 57(4), 247-262. https://doi.
org/10.1006/ijhc.2002.1017
Van Aelst, P., Strömbäck, J., Aalberg, T., Esser, F., de Vreese, C., Matthes, J., 
Hopmann, D., Salgado, S., Hubé, N., Stępińska, A., Papathanassopoulos, S., 
Berganza, R., Legnante, G., Reinemann, C., Sheafer, T., & Stanyer, J. (2017). 
Political communication in a high-choice media environment: A challenge for 
democracy? Annals of the International Communication Association, 41(1), 3-27. 
https://doi.org/10.1080/23808985.2017.1288551
van der Linden, S. L., Leiserowitz, A. A., Feinberg, G. D., & Maibach, E. W. (2014). 
How to communicate the scientific consensus on climate change: Plain facts, 
pie charts or metaphors? Climatic Change, 126(1-2), 255-262. https://doi.org/10 
.1007/s10584-014-1190-4
van Gog, T., Paas, F., van Merriënboer, J. J. G., & Witte, P. (2005). Uncovering 
the problem-solving process: Cued retrospective reporting versus concurrent and 
retrospective reporting. Journal of Experimental Psychology: Applied, 11(4), 
237-244. https://doi.org/10.1037/1076-898X.11.4.237
Vögeli, P., & Brupbacher, M. (2019). Ade Schnee [Goodbye snow]. Tagesanzeiger. 
https://interaktiv.tagesanzeiger.ch/2019/schneetage/. https://doi.org/10.2307/j.
ctv9hvsfz.7
Wang, R., & Sundar, S. S. (2018). How does parallax scrolling influence user experi-
ence? A test of TIME (theory of interactive media effects). International Journal 
of Human-Computer Interaction, 34(6), 533-543. https://doi.org/10.1080/10447
318.2017.1373457
828 Science Communication 42(6)
Ward, M. O., Grinstein, G., & Keim, D. (2015). Interactive data visualization: 
Foundations, techniques, and applications. AK Peters/CRC Press. https://doi.
org/10.1201/b18379
Wolfe, J. M., & Horowitz, T. S. (2004). What attributes guide the deployment of 
visual attention and how do they do it? Nature Reviews Neuroscience, 5(6), 
495-501. https://doi.org/10.1038/nrn1411
Xu, Q., & Sundar, S. S. (2016). Interactivity and memory: Information processing of 
interactive versus non-interactive content. Computers in Human Behavior, 63, 
620-629. https://doi.org/10.1016/j.chb.2016.05.046
Yang, F.-Y., Chang, C.-Y., Chien, W.-R., Chien, Y.-T., & Tseng, Y.-H. (2013). 
Tracking learners’ visual attention during a multimedia presentation in a real 
classroom. Computers & Education, 62, 208-220. https://doi.org/10.1016/j.
compedu.2012.10.009
Zacks, J., & Tversky, B. (1999). Bars and lines: A study of graphic communication. 
Memory & Cognition, 27(6), 1073-1079. https://doi.org/10.3758/BF03201236
Zillich, A. F., & Kessler, S. H. (2019). Measuring selective exposure to online 
information: Combining eye-tracking and content analysis of users’ actual search 
behavior. In C. Peter, T. Naab & R. Kühne (Eds.), Methoden Und Forschungslogik 
Der Kommunikationswissenschaft (pp. 196-220). Halem.
Zwinger, S., & Zeiller, M. (2016). Interactive infographics in German online news-
papers. In W. Aigner, G. Schmiedl, K. Blumenstein & M. Zeppelzauer (Eds.), 
Proceedings of the 9th Forum Media Technology. St. Pölten University of 
Applied Sciences, Institute of Creative Media/Technologies.
Author Biographies
Esther Greussing is a PhD candidate at the Department of Communication, 
University of Vienna (Austria), working on the use and effects of science communica-
tion online, with a special focus on interactive and multimodal presentation forms.
Sabrina Heike Kessler is a senior research and teaching associate at the Division of 
Science, Crisis, & Risk Communication of the Department of Communication and 
Media Research, University of Zurich (Switzerland). She holds a PhD in communica-
tion science from the Friedrich Schiller University Jena (Germany). Her research 
interests include science and health communication as well as online search and per-
ception behavior. She tweets under @SabrinaKessler.
Hajo G. Boomgaarden is professor of methods in the social sciences at the 
Department of Communication, University of Vienna (Austria). Much of his work 
revolves around the analysis of (online) news coverage and its cognitive, attitudinal, 
and behavioral effects.
